background: In this study, recurrent miscarriages (RMs) are defined as loss of two or more clinically detectable pregnancies before 20 weeks of gestation. HLA has been thought to play a role in RM. However, the results of earlier studies on the role of different human leucocyte antigen (HLA) genes were conflicting and inconclusive. In the present study, we investigate HLA genes (HLA-DRA, HLA-DRB1, HLA-DQA1 and HLA-DQB1) in RM couples with unknown etiology and normal couples.
Introduction
Recurrent spontaneous abortions of unknown etiology is a frustrating and emotionally charged clinical problem. The term is used synonymously with recurrent miscarriage (RM), habitual abortion or habitual miscarriage, and is traditionally defined as the loss of three or more consecutive pregnancies spontaneously before the 24th week of gestation (Reiss, 1998) although some define it as loss of two or more consecutive pregnancies before 20 weeks of gestation (Lanasa and Hogge, 2000; Beever et al., 2003) . According to ESHRE guidelines, RM is defined as three or more consecutive miscarriages occurring before 20 weeks post-menstruation (Jauniaux et al., 2006) . The pathogenesis of most cases remains unknown. In RM couples with unknown etiology, human leucocyte antigen (HLA) has been thought to play a role at the maternal -fetal interface. Excess sharing of HLA antigens between spouses has been proposed as a mechanism leading to maternal hyporesponsiveness to paternal antigens encountered in pregnancy and therefore subsequent miscarriage (Beer et al., 1981) . The fetal cells that come into direct contact with maternal tissues in the pregnant uterus are the extravillous cytotrophoblasts, which invade the maternal decidua. Two factors that influence the maternalfetal immunology are that: (i) the classical class I antigens (HLA-A and -B), which are expressed in nearly all nucleated cells or the classical class II antigens (i.e. HLA-DR, -DQ or -DP) that are responsible for the rapid rejection of allografts in humans are not present at the maternal -fetal interface and (ii) maternal-fetal incompatibility may be beneficial during pregnancy (Ober, 1998) . The non-classical class I gene, HLA-G, is primarily expressed in the extravillous cytotrophoblast and possibly, because it was the first HLA gene to be described in these tissues, and its product is the most abundant HLA protein at the maternal -fetal interface, there has been considerable interest in this gene. Hence, we studied the role of HLA-G in our samples but neither HLA-G alleles nor sharing of HLA-G alleles between partners could be established as associated with RM in our samples (Aruna et al., 2010) .
Although the classical HLA genes are not expressed in fetal tissues at the maternal-fetal interface, maternal antibodies against paternally derived HLA are detectable in the circulation of 20% of primigravidae and 40% of multigravidae women (Payne and Rolfs, 1958; van Rood et al., 1958) . Despite the fact that class II antigens are not expressed on fetal cells at the maternal -fetal interface, the production of maternal HLA antibodies directed against paternally derived class II genes (HLA-DR and -DQ) indicates that fetal class II antigens are recognized by the maternal immune system. Furthermore, although it is likely that sensitization to fetal HLA occurs most commonly at parturition, when fetal blood spills into the maternal circulation, there is evidence to suggest that fetal cells expressing HLA class II antigens are recognized by the mother's system during pregnancy. The presence of anti-HLA antibodies in a significant proportion of healthy pregnancies has demonstrated that sensitization to paternally derived HLA during pregnancy is not harmful and, on the contrary, these antibodies may be beneficial (Beer and Billingham, 1976) . A recent study, however, reports harmful effects of HLA antibodies in RM patients, which lead to a reduced chance of live births (Nielsen et al., 2010) .
Studies in the west revealed significant association of certain HLA alleles with RM in some populations, but not in others. Similarly, results of the studies on HLA allele sharing among couples were contradictory to each other and oppose the suggestion that increased HLA sharing per se or a limited maternal KIR repertoire predisposes to RM. A review of 30 studies on HLA matching in couples with RM (Ober and van der Ven, 1996) has yielded conflicting results, and no clear relationship between HLA matching and fetal loss can be extrapolated from these retrospective studies. In this context, it may be pertinent to note that most of these studies were carried out on a very small number of samples, and HLA typing was carried out using serological techniques, PCR-RFLP, PCR-SSCP and PCR-SSOP at a low resolution. This suggests the need for studies at the molecular level, to carry out allele typing at a higher resolution.
When we initiated this study, there were no published reports from India on the role of HLA genes in RM; however, a recent study (Shankarkumar et al., 2008) suggests that certain HLA alleles and the associated ancestral haplotypes play a significant role in the development of RM in the Indian population. However, the available evidence shows that the association of HLA loci with RM is far from conclusive and-to some extent-inconsistent. Therefore, it is necessary to carry out adequately powered studies, which employ standard case definitions and reproducible methodologies with adequate sample sizes to directly assess the role of HLA and other genetic factors in the risk of RM. In the present study, we test whether the results of association of certain HLA alleles with RM observed in western populations can be validated for the Indian population, construct HLA haplotypes and test their association with RM and explore if any novel alleles or haplotypes specific to Indian populations can be found to have an association with RM, other than those already reported elsewhere.
Materials and Methods
For the present study, case samples were drawn from two different clinics in Andhra Pradesh (AP): the Lakshmi Fertility Clinic (LFC) in Nellore and the Fernandez Maternity Hospital (FMH) in Hyderabad, which represent contrasting socioeconomic backgrounds and lifestyles. Control samples were also collected from Hyderabad city, Nellore town and nearby villages of AP so that they broadly represent matched ethnic, linguistic and socioeconomic backgrounds as well as age with that of the cases. The sampled subjects speak Telugu, and the populations of these areas in AP are observed to be genetically homogeneous (Reddy et al., 2005) . Screening a number of autosomal short tandem repeat (STR) markers from 27 Telugu populations (castes and tribes) from different socioeconomic strata, Reddy et al. (2005) observed a fair degree of homogeneity across the populations, which form a compact cluster when compared with other regions and linguistic groups. This therefore allows testing of whether the results are consistent between the socioeconomically contrasting but genetically homogenous cohorts.
We recruited RM couples with normal parental karyotypes, anatomical features, analysis of autoantibodies (activated partial thromboplastin time for determination of lupus anticoagulant, anti cardiolipin antibodies), blood glucose levels, thyroid-stimulating hormone concentrations and with no recent history of infectious etiology. Our control group consisted of 150 healthy couples with no history of miscarriages and at least one live born child.
Blood samples from couples with RM and from the control couples were collected after obtaining written informed consent from the subjects. Ethical clearance for this study was also obtained from the Indian Statistical Institute Review Committee for Protection of Research Risks to Humans.
Peripheral blood samples ( 5 ml) were collected from all couples (male and female partner) in EDTA-coated vacutainers. DNA was isolated according to the protocol of Sambrook et al. (1989) . Most of the previous studies on polymorphisms in the HLA locus have been carried out by serological typing or PCR-RFLP or PCR-SSCP. A few studies have used SSPor SSOP-based allele-typing techniques. We carried out a sequencingbased typing of the HLA genes HLA-DQA1, HLA-DQB1, HLA-DRA and HLA-DQB. The amplification reactions contained 40 ng of DNA, 10 mM dNTP mix, 1X PCR buffer (Applied Biosystems), 2 U of Taq polymerase (AmpliTaq Gold, Applied Biosystems) and 1 mM of each primer in a total volume of 10 ml. Each PCR was optimized with respect to the concentration of Mg 2+ ions. Primer sequences and PCR conditions are summarized in Supplementary data, Tables S1 and S2. Reactions were carried out in an ABI Gene Amp PCR system 9700. For most of the primers, an initial denaturing cycle of 948C for 5 min was followed by 35 cycles with the conditions discussed in Supplementary data, Tables S1 and S2. A final extension cycle at 728C for 10 min followed. The nucleotide sequences of the PCR products were determined by direct sequencing the using di-deoxy chain terminator cycle sequencing protocol (BigDye V3.1, Applied Biosystems) (Thangaraj et al., 2003) . The extended products were purified by ethanol precipitation and run in an ABI 3730 Automated DNA Analyzer (Applied Biosystems). Sequencing was carried out with either the forward or the reverse primer depending on the quality of the sequence and the region of interest. In cases of ambiguity, sequencing was carried out with both primers. Allele typing was carried out using HLADB-2.24.0. There were certain problems in genotype assignment for certain samples on the DRB1 and the DQB1 loci due to the genotypic ambiguity at these loci. These ambiguities were overcome by following the guidelines in the report of the Ad hoc committee of the American Society for Histocompatibility and Immunogenetics (Cano et al., 2007) .
Statistical methods
Allele frequencies were calculated for all the genes by the gene counting method. For each of the genes studied, allele frequencies were calculated sex wise separately for the cases and controls, RM women and their partners from FMH and LFC, women with 2, ≥3 and ≥4 miscarriages and for patients with primary and secondary RM. The DRB1 locus showed a huge variation with a large number of alleles. This made it difficult to calculate x 2 as many cells contained zero or very low frequencies. To overcome this problem, the alleles with a very low frequency were truncated to the corresponding two-digit lower resolution for analysis. Allele frequency calculations and x 2 analysis were carried out using SPSS. Odds ratios (ORs) were calculated for all the alleles of each gene using two methods: (i) the reference allele method (regression analysis) in SPSS (the allele with the most similar frequency in both cases and controls was used as the reference allele) and (ii) by making each allele into a binary (presence or absence of allele) variable in SAS (only in the women). ORs were also calculated to check for any significant allele association in different abortion groups (2, ≥3 and ≥4 miscarriages). The relative proportion of sharing of alleles among RM couples was tested for significance by calculating ORs. Using PyPop software, haplotypes were constructed, and haplotype frequencies and linkage disequilibrium (LD) estimates were made, which were further used for identification of particular haplotypes that were associated with RM. Multiple logistic regression analysis was carried out using alleles that were significantly associated with RM in each of the genes.
Results

Patients
A total of 143 RM couples with unknown etiology were enrolled. Of these couples, 83 were from LFC, while the remaining 60 were from FMH. All women (mean age 26 years, range 18 -37 years of age) with miscarriages (range 2-9) had regular menstrual cycles and were healthy. No obvious cause for RM was found in our study group, and the miscarriages were thus classified as unexplained. Of the cases, 130 women had no previous children and were characterized as patients with primary RM while 13 had one to two children before the consecutive miscarriages, and hence were characterized as patients with secondary RM. A total of 150 couples where the woman had no history of miscarriages and at least one live born child were enrolled as the control group. Women in the control group were in the range of 18-45 years of age.
Analysis of HLA-DQ (a and b)
HLA-DQA1 Allele-wise ORs were calculated on the total samples of cases and controls, by performing a logistic regression, taking the allele DQA1*02:01 (the allele with the most identical frequency among the cases and the controls) as the reference allele. ORs were also calculated by making binary variables for each allele (presence of the allele versus absence of the allele) and using these variables for logistic regression analysis in SAS (Table I ). DQA1*03:01:01 showed a higher frequency among the RM women (OR ¼ 3.273, 95% CI: 1.100-9.735, P ¼ 0.033). When regression analysis was carried out between the various abortion groups, the DQA1*03:01:01 allele showed a consistently higher frequency among RM women with ≥3 miscarriages (OR ¼ 5.333, 95% CI: 1.334-21.325, P ¼ 0.018) and ≥4 miscarriages (OR ¼ 8.0, 95% CI: 1.174-54.497, P ¼ 0.034) compared with the controls, suggesting its role in RM. On the other hand, the DQA1*01:05 allele was more frequent in the controls than in the RM women with two miscarriages (OR ¼ 0.343, 95% CI: 0.127-0.927, P ¼ 0.035), suggesting that this allele is probably protective in nature. However, after Bonferroni correction for multiple testing, the significance was lost. ORs were also calculated for the genotypes. For genotypic analysis, the alleles were truncated to the four-digit nomenclature to avoid the large number of genotypes with very low frequencies. None of the genotypes was significantly associated with RM women (results not shown).
HLA-DQB1
A total of 115 women with RM and 107 control women as well as 116 RM men and 112 control men could be successfully analyzed for the DQB1 gene. 
Analysis of HLA-DR (a and b)
In the HLA-DR gene, whereas the b chain is extremely polymorphic, the DRA locus is represented by only three alleles. Because of its limited polymorphism, DRA has not been previously studied for association with RM. However, since it forms the a molecule of the DR antigen, we also carried out the analysis of the DRA locus but found that none of the three alleles shows significant association with RM women in the pooled sample.
Of the total samples, 120 women with RM and 140 control women and 120 RM men and 139 control men could be successfully sequenced for the DRB1 locus. Association of HLA-DQ and -DR alleles with RM Logistic regression analysis using the binary variable approach for each allele (Table III) 
HLA sharing among couples
The relative degree of sharing of alleles among the RM and the control couples is presented in Table IV . Logistic regression analysis yielded non-significant ORs, suggesting that, despite the trend of excessive allele sharing by the RM couples, the magnitude of differences in sharing was not sufficiently large to implicate excessive sharing as the plausible cause of RM.
LD and haplotype analysis
Using PyPop software, the observed genotype counts were compared with those expected under Hardy -Weinberg proportions (HWPs), and a x 2 test was carried out to check for the significance of deviation from HWP for each locus in RM women and controls separately. Since the hypothesis is that there is a genetic component to RM, a HW deviation might not be unexpected in RM couples, but we expect non-deviant HWP in our controls. However, all the loci showed a significant deviation from HWP, in both the cases and the controls (results not given). LD estimates were obtained for cases and controls for all two loci haplotypes. All two loci haplotypes had a significant LD in both the cases and the controls (except for DQA1:DQB1, which showed a significant LD only among the cases). LD estimates were also obtained for all three loci haplotypes and a four loci haplotype. Haplotype construction and haplotype frequency estimates were made for the above-mentioned two loci, three loci and four loci haplotypes. The three loci haplotype (DRB1:DQA1:DQB1) did not yield any significant difference in frequency between the case and control groups as there were many haplotypes and most of them had very few copies (below 2).
From the frequency estimates of the two loci and three loci haplotypes, x 2 and logistic regression analyses were performed. A few haplotypes showed significant association with RM (Table V) : DQA1*01:04:02, DQA1*01:03, DQA1*02:01, DQB1*03:03:02, DQB1*03:01:01 and DQB1*03:03:03 alleles in haplotypes with a significant OR (P , 0.05). However, these haplotypes lose significance after correction for multiple testing. The role of other alleles that are found at a higher frequency in one of the study groups and of those that appeared in haplotypes with significant OR before correction for multiple testing may have to be validated in further studies.
Multiple logistic regression analysis
Given that only the DQB1*03:03:02 allele turned out to be a significantly risk-conferring allele after Bonferroni correction for multiple comparisons, multiple logistic regression may not be pertinent. However, when the risk alleles (before Bonferroni correction) at each locus were included and a multiple regression analysis was carried out for DQA1*03:01:01, DQB1*03:03:02, DRB1*03:17, DQB1*03:03:02 and DRB1*14:09, the results suggested a significant association of the DQB1*03:03:02 allele with RM even when controlled for the DQA1 allele and DRB1 alleles (Tables VI and VII) . Only DQB1*03:03:02 is found to confer significant risk after controlling for the effect of the other alleles, suggesting that in the presence of this allele, the role of the other alleles is not significant. Suggests a significant role in the reverse direction (protective).
@
Significant association (P , 0.003).
Discussion
Our results show that at the DQB1 locus, the DQB1*03:03:02 allele confers a significant risk of RM while DQB1*03:03:03 is associated with increased protection from RM. These alleles were not implicated in RM earlier in other populations; hence, we report totally new alleles at the DQA1 and the DQB1 loci to have been associated with RM in this South Indian population. Few studies have looked into the role of DQA1 in RM individually and hence there were not many reports on the nature of its association. Christiansen et al. (1994) reported an increase of DQA1*01:01 and DQA1*05:01 alleles, but neither allele was found to be associated with RM in our study. Among DQA1 alleles, DQA1*03:01:01 appears to be a risk factor for RM, while DQA1*01:05 seems to have a protective role but the results are not significant after correction for multiple testing. At the DQB1 locus, we find DQB1*03:03:02 to be associated with RM, which is partially consistent with the association of DQB1*03:03 reported earlier (Zheng and Niu, 2006 ) in a late abortion group; however, this result has to be considered with caution, given that DQB1*03:03:03 (also a member of the *03:03 allele family) has a protective role in our study; the reported *03:03 allele could include both the *03:03:02 and *03:03:03 alleles, resulting in a significant association only in the late abortion group and not in the early abortion group. There is a single base-pair difference in codon 38 between the 03:03:02 and the 03:03:03 alleles, which does not alter the peptide sequence (Supplementary data, Table S15 ). However, we do not know about any differences in exon 3 as the HLA nucleotide sequence alignment released on 15 October 2010 also does not have information for the DQB1*03:03:03 allele in this region. There may not be a major difference in the peptide sequence but if there are further differences in the third exon, these could have some effects on the peptide structure. Wang et al. (2004) observed that while the DQB1*06:04/06:05, DQA1*01-DQB1*06:04/06:05 and QBP6.2-DQB1*06:04/06:05 haplotypes (consisting of the allele 6.2 of the DQB promoter region and the alleles at the DQB1 locus) confer susceptibility to RM, the DQB1*05:01/05:02 allele has a protective role. In a Danish population, Christiansen et al. (1994) reported that genes or gene sequences linked to the DRB1*01:01, DQA1*01:01, DQB1*05:01; DRB1*01:02, DQA1*01:01, DQB1*05:01; DRB1*01:03, DQA1*01:01, DQB1*05:01; and DRB1*03:01, DQA1*05:01, DQB1*02:01 haplotypes confer susceptibility to multiple fetal losses. Ober et al. (1993) reported that a significantly greater proportion of couples with RM shared two HLA DQA1 alleles when compared with controls. Several earlier studies have reported association of other DQA1 and DQB1 alleles with RM (Lin et al., 2001; Hviid and Christiansen, 2005; Sipak-Szmigiel et al., 2007; Shankarkumar et al., 2008) , which could not be validated in our Indian population. Overall, our analysis of HLA-DQA1 and HLA-DQB1 highlights the significance of the DQB1 gene in the etiology of RM, albeit generally in the form of novel alleles rather than validating earlier reported ones. It was also interesting to recognize the plausible protective role of certain other alleles against RM.
On the other hand, although DRB1*03:17 and DRB1*14:09 alleles show significant association with RM, these alleles turned out to be non-significant after correction for multiple testing. The association of the DRB1*03 allele (previously DR3) was previously reported by Kruse et al. (2004) . Christiansen et al. (1996) also reported the predisposition of maternal HLA-DR allogenotypes DR1 and -DR3 or the genes closely linked to them to RM in patients as well as their firstdegree relatives. Conversely, the results of a meta-analysis of 18 cross-sectional or case -control studies suggest that the HLA-DR antigen DR1 is associated with an increased susceptibility to RM and the OR for DR3 was not significant (Christiansen et al., 1999) . However, in an earlier study, Christiansen et al. (1989) did not find increased HLA antigen sharing between the couples experiencing RM when compared with controls, either in individual loci or in the combination of all loci. Further, no increased HLA antigen sharing in subgroups of couples experiencing RM with and without autoimmunity could be demonstrated. Most of the studies on the DRB1 locus were carried out with the motive of establishing the status of sharing between the couples. Nevertheless, the following alleles have been implicated to have a risk for RM: DRB1*01, DRB1*01:01, DRB1*02, DRB1*03:01:01, DRB1*04, DRB5, DRB6, DRB1*15:01:01 and DRB1*15:02 (Gerencer and Kastelan, 1983; McIntyre et al., 1984; Beer et al., 1985; Christiansen et al., 1989; Smith et al., 1989; Laitinen et al., 1993; Sasaki et al., 1997; Takakuwa et al., 1999 Takakuwa et al., , 2003 Shankarkumar et al., 2008) . There have also been studies that failed to validate these alleles in other populations suggesting the commonly observed ethnic variation in the pattern of genetic association in the case of complex genetic disorders. It is plausible that the association of totally different alleles in our population may be because of the ethnic variation in the frequency of such alleles and the nature of their adaptation to the local environments.
We notice that while most of the studies were based on a small number of samples, only a few studies used DNA-based methodology, and the analysis was carried out using allele typing at a low resolution (two-digit equivalent to serological typing). We truncated our alleles at the DRB1 locus to the nearest two-digit lower resolution to check whether this revealed any deviation from our earlier observation Association of HLA-DQ and -DR alleles with RM and found that none of the alleles had a significant association with RM in the pooled sample. Therefore, we surmise that analysis at a lower resolution may have biased the results in some of the previous studies. It has been reported that couples with consecutive RM share a higher proportion of HLA antigens than expected by chance (Komlos et al., 1977; Beer et al., 1981) . That the histoincompatible gestations may have a selective advantage during gestation has also been suggested (Gill and Repetti, 1979; Beer and Billingham, 1980; Faulk and McIntyre, 1981) . If histocompatible human fetuses are at a selective disadvantage during pregnancy, couples sharing histocompatibility antigens (i.e. HLA) should show reduced fertility, because only couples sharing HLA could produce fetuses that are HLA compatible with the mother. Some have confirmed excess HLA antigen sharing between spouses in recurrently aborting couples, while others have not found this, leaving the issue unresolved. Reports of increased HLA sharing in couples with unexplained RM (Komlos et al., 1977; Schacter et al., 1979; Beer et al., 1981; Gill, 1983; Unander and Olding, 1983; Bolis et al., 1984; Reznikof-Etievant et al., 1984; McIntyre et al., 1986; Coulam et al., 1987; Gerencer et al., 1988; Johnson et al., 1988; Ho et al., 1990; Koyama et al., 1991; Risk and Johnson 1991; Takakuwa et al., 2006) were not confirmed by others (Takakuwa et al., 1992; Laitinen et al., 1993; Ober et al., 1993; Dizon-Townson et al., 1995; Steck et al., 1995; Wagenknecht et al., 1997) . In the HLA-DR and -DQ loci, the antigen-sharing rates of primary aborters were significantly higher than basal antigen sharing rates (Koyama et al., 1991) . However, no increase in DR -DQ compatibility was found between the mother and the fetus in the Finnish RM group (Laitinen et al., 1993) . Recent studies by VarlaLeftherioti et al. (2007 VarlaLeftherioti et al. ( , 2010 were contradictory to each other and results oppose the suggestion that increased HLA sharing per se or a limited maternal KIR repertoire predisposes to RM. Our results are in accordance with the study of Christiansen et al. (1989) reporting a non-significant increase in HLA antigen sharing between couples experiencing RM compared with controls. Further, Christiansen et al. (1989) reported no significant increase in HLA antigen sharing, considering either one locus at a time or in a combination of all loci, and concluded that compatibility between spouses for HLA-A, -B and -DR antigens only plays a minor role in the etiology of RM.
Overall, the evidence concerning the role of HLA sharing in RM is divided. The number of studies reporting no increase in allele sharing is almost equal to those reporting increased allele sharing. These inconsistencies in the findings may be due to methodological issues such as case definition, loci or combination of loci examined, tissue typing methods used, etc. In most of the studies, the focus is on allele sharing among the couples, which does not directly address fetal histocompatibility, which is pertinent because couples sharing one antigen at a locus will produce both maternal compatible and incompatible fetuses at relatively equal frequencies. To resolve this issue, one needs to have access to fetal material, which we found almost impossible to obtain especially in the Indian context, where most miscarriages take place at home and the fetal material is lost by the time they approach the clinician who documents the losses. Nevertheless, HLA allele typing especially of class II loci is so complicated that it may not be possible to carry out allele typing on fetal material (even if available) contaminated with maternal tissue.
LD estimates and haplotype frequencies reveal that certain other non-significant alleles form part of the haplotypes that are associated with or confer protection against RM (before correction for multiple testing). This suggests that these alleles might not have a direct role in RM but are probably in LD with alleles from other loci that are associated with RM, and a bigger sample size would be required to ascertain the role of these alleles. Previous studies (Wang et al., 2004; Hviid and Christiansen et al., 2005) reported the association of certain haplotypes with RM, which are not found to be significant in our Indian sample. Hviid and Christiansen (2005) also suggest that the HLA G*010102 allele is in LD with DRB1*03, although we did not find any significant LD between the two loci. Our multiple logistic regression analysis for the risk-conferring alleles at the DQA1, DQB1 and the DRB1 loci reveals DQB1*03:03:02 as an allele that uniquely confers very high risk for RM in this Indian population. It is pertinent to note here that all the loci showed a significant departure from HWP in our sample, in both the cases and the controls. Typical of the Indian population structure, the population in this region, as is the case with other linguistic regions as well, constitutes a number of endogamous castes and tribes within it. Given this, the most ideal sampling unit would have been an endogamous caste/ tribe albeit that it would not be realistic and/or feasible to obtain a sufficient number of cases from a single endogamous unit within a reasonable time frame. Therefore, the samples are drawn across these endogamous populations, encompassing the heterogeneity of the linguistic region. This may be considered as a limitation of our study despite the fact that Reddy et al. (2005) observed a relative genetic homogeneity of the populations of AP based on autosomal STR markers.
In conclusion, the present study provides a possible explanation for the phenomenon of RM at the genetic level by way of HLA-DQB1 exhibiting the strongest association with RM and thus suggesting a significant role for this gene in the manifestation of RM. Apart from DQB1, HLA-DQA1 and -DRB1 also seem to be involved in the manifestation of RM albeit the impact of DQB1 is not clear. The current genetic analysis of RM and control couples not only highlights the genes exhibiting a strong etiological role but also reflects the protective nature of some HLA genes against RM. Nevertheless, most of these alleles/haplotypes were not those that are implicated in RM in other ethnic backgrounds, and hence require further validation in other populations of India from different ethnic and geographic backgrounds and with still larger numbers of samples before any unequivocal inference on the prognostic value of these HLA alleles/genes can be made. Such an effort in thorough understanding of the genetic association might help in ultimately developing prognostic procedures.
